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DETERMINEDFROMFREE-SPINT’JINGTUNNELT!ESTS1

By StanleyH. Scher

SUMMARY

Pilot-escapetestshave been made for 21 modelsof fighter,torpedo-
lmmber,scout-bomber,and trainer airplenes spiming in the QwWw
20-footfree-spinningtunnel. A model of a pilotwas releasedfrom the
outbo- side (leftside in a spin to the pilot’sri@t) and from the
inboardsideof the cockpitof each model duringboth flat and steepspins,
and the subsequentrelativepathsof the model end pilotwere observed.

l.nalysisof the test results indicated tl=t, if a pilotfindsit
necessaryto leave a spinningairplane$it would gener~ly be betterfor
him to bail out of the outboardsideof the cockpitthan to bail out of
the inboardside. For airplaneswith cockpitslocatedforwardof the
leadingedge of the wing, the pilot’schancesof clearingall partsof
the airplaneby bailingout appearedto be poorerthan for alrplams with.
cockpitslocatedrearwardof the leadingedge of the wing. It was found
that the path followedby a man afterleavinga spinningairplsnecan be

w calculatedif the engleof attackend the rates of descentend rotation
of the airplsneare lmown. For the typesof airplanescoveredby this
experimentalinvestigation,analysisindicatesthat the centrifugalforce
whichwould act on a pilotduringa spinwould probablynot preventhim
from leavingthe cockpit.

.—.

—

—.-

INTRODUCTION

Safe pilot exit from aircraftduringen emergencyin flighti.sa
problemof great importance.This problemincludessafeescapefrom
spinningairplanes. Tests in whichmodelsof pilotswere releasedfrom
spinningairplenemodelshave been mede in the Lsn@ey 20-footfree-
spinningtunnelin connectionwith spin testsof modelsof specific
serviceairplanes. The resultsof thesetestshave been collectedand
analyzedin en attemptto establisha criterionfor determiningfromwIich_
sidethe pilotof a spinningairplaneshouldattempten emergencyescape.

%@ersedes the recentlydeclassifiedNACARM L8D28,“PilotEscape
Y fromSpinningAirplsmesas DeterminedfromFree-Spinning-TunnelTests”by

StanleyH. Scher,1948.
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Twenty-onemodelswere tested,coveringa rangeof low-wingand
midwingmilitaryairplanesconsideredto be in the spinningcate~ry.
One of the modelstestedhad a 37° sweptbackwing. For the tests,a

v

pilotmodel was releasedfrom the fuselageat the outboerdside (left
sidein a spinto the pilot’sright)and then at.the Inboaniside of
the cockpitof eachmodel duringboth flat end steepspins,end the
subsequentpath takenby the pilotwas noted. For two of the models
tested,the pilotwas releasedfrom two fuselagepositionscorresponding
to alternatecockpitlocationson the airplane.

Calculationsweremade of the approximatepath tekenby the pilot
relativeto a typicalspinningairplanefor comparisaDwith the model ._
test results.

The centripetalaccelerationsthat wouldact on pilotsduringspins
of the airplenessimulatedwere calculatedand comparedwith availa%le
experimentaldata which showthe limitationof suchforceson a man’s
abilityto move his body in a directionsimilarto that requiredin
bailingout of en airplane.

SYMBOLS

Airplanesymbols:

b wing span,feet

Sw wing area,squsxefeet

r mean aerodynamicchord,feet

x/c ratioof distanceof centerof gravityrearwardof
leadingedge of mean aerodynamicchordto mean
aerodynamicchord

2/?5 ratioof distencebetweencenterof gravityand fuselage_
referenceline to mean aerodynamicchord,positive
when centerof gravityis belowfuselagereference
line

m mass of airplane,slugs

Zx} TyY TZ momentsof inertiaaboutX Y, and Z body axes,
respectively,slug-feet$.

P air density,slugsper cubicfoot

.

IJ ()relativedensityof ah-plane &-
(Swb
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Pilot synibols:

D

%

C%

CD
h

Vh

‘t

R

%

w

S’v

.
&h

.
t

.

anglebetweenfuselagereferenceline end vertical
sxfs of the tunnel(approx.equalto a%solute
valueof angleof attackat plsne of symmet~),
degrees

full-scaletrue rate of airplsneverticaldescent,
feet per second

full-scaleangularvelocity of airplaneabout spin
axis,revolutionsper second or radiansper second

drag of pilot,pounds

frontalarea of pilot,squarefeet

()

D
verticaldrag coefficientof pilot —

gvv%p

horizontaldrag coefficientof pilot(’-)

k%?)
instantaneous

instantaneous

verticalvelocityof pilot,feet per second

horizontalvelocityof pilot,feetper second

terminalverticalvelocityof pilot at 15,000feet
(202 ft/see)

distancefrom spinaxis to pilot,feet

stsndsrdaccelerationdue to gravity(32.17ft/sec2)

weightof pilotsnd parachute(200lb)

verticalcomponentof accelerationof pilotduring
descent,feet per secondper second

horizontalcomponentof accelerationof pilotduring
descent,feet per secondper second

incrementof time, seconds

verticalcomponentof path traveledby pilot in increment
of tires,feet
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horizontalcamponentof path traveledby pilotin
incrementof time,feet-

centripetal.accelerationactingon pilotduringsteady
spinof airplanessimulatedin model tests

APPARATUSAND

Models

The modelsused for the testswere
rangingin scalefrom l/25 to 1/14,and

METHODS

models of military airplanes,
were preparedfor testinghy the

LangleyLaboratory. Three-viewsk6tchesof the modelstestedwith full-
scaledimensionsof the airplanesrepresented.areshownin figure1.
Propellerswere not simulatedon any of the modelsbecausea previous
investigationhas Indicatedthatwindmillingpropellershave littleeffect
on model spinand recoverycharacteristics.Propellershave,however,
been includedin the sketchesof figure1 for the purposeof aidingin
the interpretationand applicationof the pilot-escapetest results. The
pilotmodelswere builtof wood and were scaleddown in dimensionsend —
weight-accordingto the scaleof theirrespectivemodelsto representan
averagepilotand parachute(200lb). .

Most of the airplanemodelsand the pilotmodelswere ballastedwith
leadweightsto obtaindynamicsimllmity to the respectiveairplaneand
pilotat an altitudeof 15,000feet (p = 0.001496slug/cuft). For

K

nmdel 10, however,a test altitudeof 10,000feet was usedbecauseof the
relativelylow serviceceilingof the simulatedairplane. For models11,
12, and 17, test altitudesof 25,000,20,000,and 20,000feet,respec-
tively.were used becauseheavymodel constructionmade it impractical
to b~~ast thesemodelsto sim-tiatethe airplanesat

A remote-controlmechenimnwas installedin the
the pilot.

1~,000f6et.

modelsto release

Wind-Tunnelend TestingTechnique

The testswere performedin the Langley20-footfree-spinningtmnel,
the operationof which is similarto that of the Lengley15-footfree-
spinningtmel describedin reference1, exceptthat the modelsare
launchedby handwith spinningrotationratherthen launchedby spindle.

For the pilot-escapetests,the tunnelverticalair-streamvelocity
was adjustedto supportthe free-spinningairplane model. A model is
shownspinningin the Langley20-footfree-spinningtunnelin figure2.
The pilotmodelwas securedoutsidethe fuselagestructureof each spinning

*
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model at the outboardand
pilotwae merelyreleased
flat spinand againwhile

5 ““

againat the inboard
frcsnthesepositions

~enopyJuncture. The
whilethe modelwas in a

fn a steepspin. Considerationwas givento
the methodof forciblyejectingthe model ptlotto simulatea possible
jumpingforcethat amen mightbe able to exert,but the resultsof such
testswouldprobablypresentno betterindicationof properbail-out
prooedurethen the si~ler pilot-releasetests. Becausethe high rate
of verticaldescentof someof the modelsduringsteepspinsexceeded
the airspeedavailablein the tunnel,the finalsteepspinattitude
coul~not be obtained;thus,the pilotmodelwas releasedwhilethe
model descendedin the tunneland %eforeall the appliedlaunching
rotationhad been damped. Movingpictureswere ~de of all the tests.

Aftereach release,the path takenby the pilotwith respectto the
model wds noted untilthe pilotwas definitelyclearof all partsof the
model surfacesor untilhe had been struck%y a part of the model. ~
addition,in analyzingthe resultsof the testsof the designswhich
includedpropellers,considerationwas givento the path of the pilot
relativeto the propellerdisk. For thoseconditionsin whfch the pilot,
uponbeingreleasedfrom a @.vensideof the cockpit,was observedto
clearall partsof a model in a consistentmennerby a msrgfnof at least
3 feet (fullscale),amen couliiprobahlymake a safeescapefrom the
correspondingfull-scaleairplaneby bailingout of the same sideof the
cockpit. Resultswere consideredconsistentif the pilot’spathrelative
to the modeldid not vary for at leastfour releasesfor eaoh condition
tested.

TFST Cormrmorfs

The steady-spinparameterswhichwereobtainedin the Langley20-foot
free-spimingtunnelfor the model spinningconditfonafor whichthe pilot-
releasetestsweremade are presentedin tableT in termsof the full-
scaleairplsnevalues. lhformationis presentedin tableIT which shows‘--
the rangeof mass characteristicsof the modelsused duringthe testsand
whichmsy be usefulin applyingthe test resultsto variousairplane
designsnot specificallycoveredin the presentinvestimt!on. As noted
in references2, 3, end ~, modeltestshave indicatedthatthe amount
and thearrangementof mass in sn airp?.aneusuallyinfluencesits spin-
ning characteristics,and the testsend analysisof the presentinvesti-
gationindicatethat the spfnningcharacteristicsin turn affectthe exact
path a man’sbody would followif he bailedout of an airplanedurinRa
spin.

The controlsurfacesof the airplanemodelswere adjustedand held
constankat valueswlthifithe maximumrengesof controldeflectionsfor
the airplanesrepresentedin sucha manneras to obtainthe flat and steep
spinsdesiredfor makingthe pilot-releasetests.

—

..

——
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RESULTS AND DISCUSSION

The resultsof themodelpilot-release tests are presented in
ta%le111. Tnasmuchas the locationof the cockpitwith respectto the
wing greatlyinfluencedthe results,the experimentaltestsare discussed
in two sections,whichcorrespondto modelstith cockpitslocatedresr-
ward and forward,respectively,of the fuselagejunctureof the leading
edge of the wing.

ExperimentalResultswithCockpitRearward_of Wing LeadingEdge
(Models1 to 13)

Pilotreleasefrom outboardsideof spinningmodel.-When the pilot
was releasedduringboth flat and steepspinsfrom the outboardside of
a cockpitlocatedrearwardof the wing leading edge (models l,to 13),
the paths the pilot followed were mnerall~ sfmilar. Whenthe vertical
descentvelocityof the spinningmodelwas greaterthan the temainal
velocityof the releasedpilot,the pilotdeceleratedand went abovethe
airplanemodel;when the verticaldescentvelocityof the spinningmodel
was lessthan the terminalvelocityof the releasedpilot,the pilot
acceleratedand wentbelowthe airplanemodel. The horizontalmotionof
the pilotcarriedhim over the trailingedm of the outboardwingnear
the fuselageand underthe rear part of the fuselageor underthe outboard
sideof the horizontaltailwhichpassedover the pilotas themodel
continuedto rotate. Usually,the releasedpilotclearedthe helical
cylinderbeingdescribedby the rotatingdescendingairplanemodel within
one-halftwn of the model. A typicaltestmade with the pilotreleased
frcunthe outboardsideof the cockpitof model 5 durtiga rightspinis
shownin the moving-picturestripsof figure3. The pilotwent off the
trailingedge of the outboardwing (freme15, pilothiddenfrcm camera),
eitherunderthe rear part of the fuselam or under the outboardsideof
the horizontaltail (frame18),and out of the helicalcylinder(frames23
to 28), and therebyclearedall partsof the model.

lhmodel 7, the rear cockpitis locatedso far rearwardof the leading
edgeof the wing that thiscockpitis very closeto the tail secticms The
pilot,when releasedfromthe rear cockpit,passedcloserto the bottomof
the horizontaltail surfacethan whenreleasedfrom the frcmtcockpit.

Pilotreleasefrom inboardsideof spinningmcilel.-When the pilot
was releasedduringflat spinsfrom the inboardsideof the cockpitof
models1 to 13, therewas apparentlysomeair-streamshieldlngeffecton
the pilotbroughtaboutby his positionrelativeto the inboardwing and
the fuselage. For thosemodelswhichhad ratesof verticaldescentgreater
thanthe terminalvelocityof the fallingpilotduringflat spins,the
resultingflowconditionsaffectedthe forcesactingon the pilotin such

—
.

-.
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a mannerthat the pilot,when releasedfrom the inboardside,did not
immediatelyrise aboveand go outboardfrom the model as he did when

# releasedfrom the outboardside. Instead,the pilotdescendedat about
the sanerate as the modelfor an averageof a%outthree-eightsof a
turn of the modelafterthe releaseof the pilot;then,the pilotwent
upwardand outwardfrom the model. For thosemodelswhichhad ratesof
verticaldescentless thanthat of the f’ailingpilotduringflat Spins$
the restitsntforcesactingon the pilotlikewisepreventedhim from
movingoutwarduntilafteraboutthree-eighthsof a tum of the model
subsequentto the pilotrelease. Regardlessof whetherthe mode~sin
the flat spinshad ratesof verticaldescenthigheror lowerthen that
of the fellingpilot,the resultantforcecausedthe pilotto move
initiallytowardthe nose of the spinningmodelsin amemner which indi-
catedthat,if the ahplene representedby the modelwas equippedwith
a singletractorpropeller,a pilot$umpingfromthe inboardSids Of

the cockpitwouldhave gone throughor passedvery closeto the propeller
disk. The moving-picturestripsof figurek showa typicalresuitobtained
when the pilotwas releasedfrom the inboardsideof the cockpitof
model5 duringa flat right spin. The pilot,afterbeingreleased
(freme2), went intothe regionof the propellerdisk (framesllto 13).
In somecases,afterat firstmovingtowardthe nose and the pzopeller
disk, the pilotwent over the fuselagewhilethe model continuedto
rotate. The pilotthen tendedto followa path generallysimilarto
those taken by the pilotIeavlngfrom the outboardside. The lnitiel

. delayin goingoutward,howevwr,whichresultedwhen the pilotwas
releasedfrom the inboardside,causedthe pilotto come closeto parts
of the model thathe clemed by largemsrginswhen releasedfrom the

. outboanlside. For exemple,it may be seen in figure4 that af+,er
leavingthe regionof the propellerdisk,the pilotwas nesrlystruck
by the leadingedge of the outbosrdwing as he passedunderthe wing
(frame19); also,i} MSY be sesn in figure5 that the pilot,when
releasedduringa flat left spinfrom the inboardsideof the cockpit
of model6 (frsme18),went slightlyforward (freme ~) and thenwent
over the outboardwing end was struckby the outboardsideof the hori-
zontaltail (frame31).

When the pilotwas releasedfrom the inboardsideof the cockpit
of models1 to 13 duringsteepspinsin whichthe rate of descentof the
modelwas considerablygreaterthan the rate of descentof the freely
fallingpilot,the resultsobtainedindicatethat the chieftendencyof
the releasedpilotwas to go over the fuselageof the rotatingmodel,
up and back towardthe tail section,end then out of the helicalcylinder
beingdescribedby the model. For models~, 93 and 11 to 13, thispath
broughtthe pilot into contactwith the rearwardpart of the fuselageor
with the outboardside.ofthe horizontaltail in the manner similarto

. thatalreadydiscussedfor the flatterspinend shownin figure5. For
model 10, even thoughthe modelwas spinningat a steepattitude,its

.
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descentcausedthe pilot,when
drop throughthe regionof.the u

Procedurefor pilotescape.-The procedurerecommendedfor
escapingduringa spinfrom an airplanein whichthe pilotleavesfrom
a cockpitlocatwdrearwardof the leadingedgeof the wing is as follows:
(1) Leavefrom the outboardsideof the cockpitand attemptto go over
the top of the outboardwing and off the trailingedge of the wing and
(2) leavein a crouchedattitudein orderto aid in clearingthe under
surfaceof the outtoardsideof the horizontaltail.

ExperimentalResultswithCockpitForwardof Wing LeadingEdge
(Models14 to 21)

Pilotreleasefrom outboardsideof spinningmodel.-For threeof
the models(17 to 17) when the pilotwas releasedduelngboth flat and
steepspinsfrom the outboardsideof a cockpitlocatedforyardof the
wing leadingedge,the pilotclearedthe model satisfactorilyin a
mannersimilarto that in whichhe clearedmodels1 to Is. For fiveof
the models(14 and 18 to 21) when the pilotwas releasedfromflat spins,
he clearedthe model in a manneralmostsimilarto the manner in which
he clearedmodels1 to 13. The differenceswere that formodel.s14, 18,
20, end 21, the pilotwent mder insteadof over the outboard-wing,and
for model19, the pilotbrushedagainstthe top surfaceof the outboard
wingo.whilegofngover it. The resultsobtainedtithmodel 21, whichhad
a 35 sweptb=k Wingzdid not indicateany appficiabledifferencesdue
to the sweepback.When the pilotwas releasedduringsteepspinsfrom
models14, 19, and 20, the resultsindicatethat it was possiblefor the
pilotto go over,to go under,or to hit the leadingedgeof the outboard
wing. The moving-picturestripsof figure6 showa typicalreleaseof a
pilotfrcnnthe outboardsideof the cockpitof model20 duringa steep
right spin. The pilot,afterbeingreleased(frame17) was struckby
the leadinRedgeof the outboardwing (fremes20 and 21\. -.

Pilotreleasefrom inboardsideof spinningmodel.-When the pilot
was releasedduringflat spinsfrom the inbxrd sideof the cockpitof
models14 to 21, the pilotwent overthe fuselageto the outboard
sidewhilethe model continuedto rotateunderhim. The resultantpath
of the pilotthen tendedto be somewhatsimilarto the path takenwhen
releasedfrom the outboardside;the initialmotianof the pilotin going
over the fuselageof themodel,however,causedthe path of the pilotto be
displacedfrom the path takenwhen releasedfiwm the outboardside. As a
result,for models17, 17, and.19, the pilotwas struckby the outboard
sideof the horizontalt~ilj for model 14.the pilotwent intothe region.

.-

otithepropellerd.lsk;and for model16 the pilotwent eithercloseover
or closeunderthe outboardwing. .
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When the pilotwas releasedduringsteepspinsfrom the inboard
r sideof the cockpitof five of the mcdels(1U to 16, 19, and ?0), the

pilotwent over the fuselage. His path was thusdisplacedfrom the
path takenwhen releasedfrom the outboardside. A.sa result,the
pilotwas eitherstruckby or came very closeto the horizontaltail.
The moving-picturestripsof figure7 show a typicalpilotreleasefrom
the inboardsideof the cockpitof model 20 duringa steepright spin.
Afterbeingreleased(frsme14), the pilotwent over the fusel~geend was
struckby the outboardsideof the horizontaltail (frsmes42 and 43).

Procedure”for pilotescape.-For spinningairplanesIn which the
pilot is locatedforwardof the leadfngedge of the ting,bailingout
from eithersideof the cockpitappearsdangerous. If the pilotwere to ___
Ieavefrom the outboardsideof the cockpit,however,he wouldprobably
have a betterchanceof makinga ssfe escapethan if he were to leave
from the inboardside,particularlyif he can jump in a directionthat
would enablehim to avoidbeing struckby the outboardwfng. For alrplsne -
designssimilarto models14 to 21, which includemany high-speedjet-~d --
rocket-poweredairplanes,it may be advisableas a ssfetyfactorto provide
for an ejection-seat or a capsulesystemwhichwouldthrowthe pilot mfely
away from the spinningaWplane, or to mske provisionswhichwould enable
the pilotto move to a more rearwardlocationfrcnuwhlchhe couldball out.
with a betterchanceof clearingthe outboardwing.

.

.
CalculatedResultsof PilottsPathRelativeto SpinningAirplnne

An attempthas been made to show thatwhen the steady-spinparameters
of an airplanecsn be detemninedfrom model testsor estimatedfrom design

--

data,the relativepathsof the spinningairplaneand of a man upon aban-
doningthe airplanecan be estimated. Estimatesof the relativepaths
have been plottedfor two spinningcondithnstofan airplane,typicalof
thoseconsideredin the presentinvestigation.For simplicityin calcu-
latingthe approximatepathsof the man’sbody fallingrelativeto the
airplane,en assumptionof independenthorizontaland verticalmotions
was made. Reference5 Indicatesthat,for the brief psriodof 1 or 2 seconds
followingbail-out,this assumptiongivesa very closenpproxhation to the
relatlvepathsof an airphme end of a man afterhavingbailedout of an
airplanein level flight; likewisefor this brief period,this assumption
shouldgive a closeapproximationto the relativepathsof a spinning
airplsneand of a man afterhavingba:lectout of the airplane.

The initialverticalvelocltyof a fallingman justas he leavesa
spinningairplaneis the sameas the rate of descentof the spinning
airplane. In estimatingthe subsequentverticalpositionsof the man at
intervalsafterleavingthe airplane,his resultingaccelerationor
decelerationas his rate of descentapproachedterminalvelocitywas

I
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considered.The terminalverticalvelocltyo? a man’sbody in a free
fall at en altitudeof 15,000feetwas takenas approximately202 feetper
second,whichcorrespondsto an averagevalueof 160 feet per secondat
sea level. (Seereference5.) The assumedterminalvelocityof a man
in a freefall is in fair agreementwith the indicatedterminalvelocity
of the releasedpilot in the tunneltestsscaledup to full scale; this
factcan be seenby a comparisonof the full-scalevaluesof model
velocitiesof descentgivenin tableI with the notationsin tableIII
concerningthe verticalmotionof the pilotmodelwith respectto the
airplanemodelsafterbeingreleased.

Applyingthe equilibriumequation

for the specialvalueof Vv) Vt at 15,000

Therefore,

feet= 202 feetper second)@ves

200~@p = — = 090049
(202)2 -- .

In verticaldescent,not at Vt,

(200 -0 ●0049VV%
av n

No experimentaldatawere availablefor use in approximatingthe horizontal
motionsof a man afterbail-out;
for a man in a flyingsuit and a
coefficientof flat-platenormal

c~-$% = 1.25x

a constantfrontalarea of–8 squarefeet
constantdrag coefficientof 1.25 (drag
to windstresm)were assumed;

T )( 8. 0.()()748

,.. -

.

.
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In horizontalfliat,
f

11

O .()@!&h2g
ah =

200

The initialhorizontalvelocityof a men jwt as he leavesa spinning
airplanewas determinedby RQ.

By usinga step-by-stepprocedure- that is, by assming the instan-
taneousvaluesof ~ end ah to be effectivefor smallincrementsof

time and by letting Vv end Vh vary accordinglyaftereach increment

of time - the componentpathsof the fallingman have been computedas
follows:

end

.

.

ah 2&h= Vht - ~t

For the two examplespresented,ratesof airplaneverticaldescent
greaterand less,respectively,than the terminalvelocityof aman’s
body in a free fell were assumed. Four alternatepathstakenby the
man’sbody have been estimatedfor each spin. Thesepaths startedfrom
four correspondingpointsof pilotexit,that is, outboamiand inlmard
sidesof the cockpttfor two cockpitlocations- me forwardend one
reaward of the leadingedge of the wing. The relativepositionsof the
airplaneand of the men have been computedat titermls of one-quarter
turnof the model aboutthe spinaxis end are shownin figures8 end 9.
Thesefiguresindicatethat If bail-outis made frau eitherthe inboard
or the outboardsideof a cockpitlocatedforwardof the wing leading
edge,thereis dangerof the pilotbeing struckby the outboardwing,but
that if bail-outis made froma cockpitlocatedrearward of the wing
leadingedge, safeescapeshouldbe effected. As discussedpreviously,
the experimentaltest resultsalso indicatedthat bailingout of a cockpit

.

locatedforwardof the wing leadingedgewas dangerous. The experimental
resultsindicated,however,that leavingthe inboardsideof a cockpit
locatedrearwaxdof the wing leadingedge wouldnot lead to safeescape.
Thus, the computedresultsare not in completeagreementwith the test
results. The use of the equationsin makingthe computationswas based
on the assumptionthatthe man acceleratedverticallyand horizontally
immediatelyupon leavingthe cockpit,althoughthe test resultsindicate
that suchwas not the casewhen the pilotnmdelwas released from the
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inboardBideof the cockpitlocatedrearwardof the wing leadingedge.
AccordIn@y,correctionsbasedon the testresultshave been appliedin
computingthe man’spath afterleavingthe inboardsideof the rearward
cockpitend the recomputedrslativePositims are also shownin figures8
and ~. For figure8, in which Va> Vt, the correctionconsistedof
assumfngthat duringthe firstthree-eighthsof a turn of the airplane
followingbail-out,the pilotmoveddownwardto a pointnear the nose of
the airplane”and thenbeganto move upwardand outward. For figure9,
in which Va< Vt, the correctionconsistedof assming that the pilot
did not startto move outwardfrom the airplaneuntilthree-eighthsof a
turnafterbail-out. The recomputedresultsindicaterelativepaths
similarto thoseobtainedduringthe experimental-testresults.

. .

Theseresultsshow thatwhen the stes&y-spinparametersof an airplane
can be determinedfrommodeltestsor estimatedfrom designdata,the rela-
tivepathsof the spinningairplaneend of a man upon abandoningthe
airplenecan be estimated.

Effectsof CentripetalAccelerationon Pilotof SpinningAirplsne

Based on the data obtaineddqringthe mcxlelspin tests,the centri-
fugalforcesthat-wouldact on pilotsdue to centripetalacceleration
duringflat end steepspinsof the airplanessimulatedin the testshave
been evaluatedin order to determinewhetherthe pilotscouldmove suffi-
cientlyto bail out of the cockpit.
accelerationsthe formula x = Rfi

~ I.Qc~cflating the centripetal
was used end the accelerationsare

listedin tableIV. The radiusof each spinwas computedby the method
of reference1. In orderto bail out of eithersideof the cockpit,a
pilotmust move his body in a directionat r@ht anglesto the force
resultingfram the centripetalacceleration.Reference6 indicatesthat
a man’sabilityto make sucha movementis seriouslyrestrictedwhen the
ma~itude of the acceleratla reaches2g or Sg and that in the nei$h’bor-
hood of kg it beccsnesImpossibleto do more than~ve the arnsend legs.

The valuesin tableW indicatethat the forcedue to centripetal
accelerationwhichwouldact on pilotsduringflat,fullydevelopedspins
of airplenesof the typesfor wnichpilot-rel~asetestsweremade would
not preventa pilotfrombailingout of the cockpit. The calculationsalso
indicatethat for some steepspinningconditions,suchas for amen in the
more rearwardcockpitof the airplanesimulatedby model 10, the accelera-
tionmightreachveluesof approximately3gwhich wouldmake escapediffi-
cultbut not impossible.The test of model10 w apparentlybe considered
en extremecase,however,becauseof its largeradiusof spincombinedwtth
a relativelyhigh rate of rotationaboutthe spinaxis. As a spfnbecomes
steeper,the radiusof spfn wnerally increasesand the rateof rotation
aboutthe spinaxis decreases,thesetwo factorscompensatingfor one
anotherin determiningthe centrfpetalacceleration.

.

.
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Previous invest@ations of spinsof largeairplanesof typesfor
whichmodel pilot’-releasetestswere not made Indicatedthat accelera-.
tionsof 6gmsy be reachedat the tail of the spinningairplane;these
accelerationswould resultin a forcewhichwould immobilizea men (see
reference7)0

CONCLUSIONSAND RECOMMENDATIONS ~

Based on an analysisof the resultsof pilot-releasetestsmade
from 21 modelsof fighter,torpedo-bomber,scout-bomber, and trainer
airplanes spinnl.ng in the Langley20-footfree-spinning tunnel, the
following conclusionsend recommendationsere made:

1. For airplenesin which the cockpitis rearwardof the leading
edge of the wing at the fuselagejuncture,the procedurerecommended
for bail-outis as follows: (1) Leave frcsnthe outboardsideof the
cockpit(leftside in a spin to the pilot’sright)end attemptto go
over the top of the outboardwing and off the trailingedge and
(2) leave in a crouchedattitudein orderto aid In clearingthe under
surfaceof the outboardside of the horizontaltail.

2. For airplanesin which the coclqitis forwardof the leading.
edge of the wing at the fuselagejuncture,bailingout from eitherside
of the cockpitis dsngeroua. Indicationsare that the pilotwouldhave
a betterthenceof escapingIf he leavesfrom the outboardsiderather.
than from the Inboardside,particularlyif he can $mp In a direction
that rouldenablehim to clear the outboardwing of the airplsile.Provi-
sion of en ejection-seator a capsulesystemwhichwould throwthe pilot
ssfelyawsy from the spinningairplanemay be ad~isable.

3. It was foundthat the path followedby aman afterleavinga
spinningairplenecen be calculatedif the sngleof attackand the rates
of descentand rotationof the airplaneare knom.

4. For the typesof airplanescoveredby this experimentalinvesti-
gation,analysisindicatesthat the centrifugalforcewhichwouldact on
a pilotduringa spinwouldprobablynot preventhim from leavingthe -
Cockpit.

0

LsngleyAeronauticalIa.boratory
NationalAdvisoryCommitteefor Aeronautics

. Ls@ley Field,Vs., November28, 1947

.
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